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Recent research suggests that sleepiness and mind-wandering—the experience of thoughts 
that are both stimulus-independent and task-unrelated—frequently co-occur and are both 
associated with poorer cognitive functioning. Whether these two phenomena have 
distinguishable effects on task performance remains unknown, however. To investigate this 
question, we employed the online experience sampling of mind-wandering episodes and 
subjective sleepiness during a laboratory task (the Sustained Attention to Response Task; 
SART), and also assessed mind-wandering frequency and sleep-related disturbances in daily 
life using self-report questionnaires. The results revealed that the tendency to experience 
mind-wandering episodes during the SART and daily life was associated with higher levels of 
daytime sleepiness and sleep-related disturbances. Importantly, however, mind-wandering 
and sleepiness were independent predictors of SART performance at both the within- and 
between-individuals levels. These findings demonstrate that, although mind-wandering and 
sleepiness frequently co-occur, these two phenomena have distinguishable and additive 
effects on task performance. 
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 While performing daily activities like driving to work, washing the dishes, or listening 
to lectures, our mind frequently drifts away from the current task at hand and focuses instead 
on internal thoughts that are unrelated to the present situation, such as memories, personal 
concerns, or thoughts about future events. This kind of experience is generally referred to as 
mind-wandering and can be more precisely defined as the occurrence of self-generated 
thoughts that are both unrelated to the current task at hand (i.e., they are task-unrelated) and 
decoupled from immediate sensory perceptions (i.e., they are stimulus-independent; Singer, 
1993; Smallwood & Schooler, 2006; Smallwood & Schooler, 2015; Stawarczyk, Majerus, 
Maj, Van der Linden, & D'Argembeau, 2011). Recent experience-sampling studies have 
shown that mind-wandering represents from 30 to 50% of our daily cognitive functioning and 
is pervasive during nearly all kinds of tasks and activities (Kane, Brown, et al., 2007; 
Killingsworth & Gilbert, 2010), which may explain the growing theoretical and empirical 
attention that has been devoted to this phenomenon during the last decade (Callard, 
Smallwood, Golchert, & Margulies, 2013). 
 Although mind-wandering may be beneficial in some respects, for instance by 
allowing oneself to plan and remember things that need to be done in the future (e.g., Baird, 
Smallwood, & Schooler, 2011; Mason & Reinholtz, 2015; Stawarczyk, Cassol, & 
D'Argembeau, 2013; Stawarczyk & D'Argembeau, 2015; Stawarczyk, Majerus, Maj, et al., 
2011), to generate creative ideas (Baird et al., 2012; Singer & McCraven, 1961; Singer & 
Schonbar, 1961), and to display more patience for future rewards (Bernhardt et al., 2014; 
Smallwood, Ruby, & Singer, 2013), a major negative consequence of this mental state is that 
it is generally detrimental to the task being performed at the moment of its appearance (for a 
meta-analysis, see Randall, Oswald, & Beier, 2014). For instance, in laboratory studies, mind-
wandering has been consistently associated with decreased text comprehension while reading 
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(e.g., Schooler, Reichle, & Halpern, 2004; Smallwood, 2011), with poorer memory encoding 
(e.g., Maillet & Rajah, 2013; Mrazek et al., 2012; Smallwood, Baracaia, Lowe, & Obonsawin, 
2003), and with more errors and variable response times (RTs) during attentional tasks (e.g., 
McVay & Kane, 2009, 2012; Stawarczyk, Majerus, Catale, & D'Argembeau, 2014). 
Studies that used more ecological daily life inquiries have also shown that mind-
wandering impairs activities such as driving (e.g., Galera et al., 2012; He, Becic, Lee, & 
McCarley, 2011; Qu et al., 2015; Yanko & Spalek, 2014), piloting planes (Casner & 
Schooler, 2014, 2015), and memorizing information presented during classroom lectures (e.g., 
Farley, Risko, & Kingstone, 2013; Risko, Anderson, Sarwal, Engelhardt, & Kingstone, 2012; 
Szpunar, Moulton, & Schacter, 2013), which may directly impact the final course grades 
obtained by college students (Lindquist & McLean, 2011), as well as their Graduate Record 
Examination (GRE; Mrazek, Franklin, Phillips, Baird, & Schooler, 2013) and Scholastic 
Assessment Test (SAT) scores (Unsworth, Brewer, & Spillers, 2012; Unsworth, McMillan, 
Brewer, & Spillers, 2012), two of the most common standardized tests of academic abilities 
employed in the United States of America.  
Importantly, mind-wandering is not the only commonly experienced phenomenon that 
has deleterious impacts on task performance and daily life activities. Fatigue and daytime 
sleepiness resulting from inadequate sleep duration and sleep disturbances are extremely 
frequent, particularly in young adults and college students (Hershner & Chervin, 2014). 
Recent cohort studies indeed suggest that it may affect around 15 to 25% of individuals in 
these populations (e.g., Ford, Cunningham, Giles, & Croft, 2015; Taylor, Bramoweth, 
Grieser, Tatum, & Roane, 2013), with approximately 70% of college students reporting less 
than the recommended eight hours of sleep per night (Lund, Reider, Whiting, & Prichard, 
2010). Strikingly, sleepiness seems to have similar effects as mind-wandering on a wide range 
of tasks with, for instance, extensive evidence indicating that learning and memory encoding 
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are impaired during periods of sleep deprivation or restriction, and that increased sleepiness 
results in impaired RTs and lower accuracy during attentional tasks (for recent reviews, see 
Jackson & Van Dongen, 2011; Killgore, 2010; Lim & Dinges, 2008; Short & Banks, 2014). 
In addition, sleepiness is recognized as a major cause of driving accidents (e.g., Connor et al., 
2002; Garbarino, Nobili, Beelke, De Carli, & Ferrillo, 2001; MacLean, Davies, & Thiele, 
2003) and poorer academic performance (e.g., Curcio, Ferrara, & De Gennaro, 2006; 
Gaultney, 2010; Gomes, Tavares, & de Azevedo, 2011). 
The above mentioned findings indicate that mind-wandering and sleepiness have a 
similar deleterious impact on cognitive functioning. Few studies investigated whether these 
two phenomena are related, however. Some studies that sampled mind-wandering in daily life 
(McVay, Kane, & Kwapil, 2009) or during laboratory tasks (Ottaviani, Shapiro, & 
Couyoumdjian, 2013) suggest that mind-wandering episodes are associated with higher levels 
of tiredness. Furthermore, recent studies found that a higher frequency of self-reported mind-
wandering was associated with poorer sleep quality and more daytime sleepiness (Carciofo, 
Du, Song, & Zhang, 2014), and that negatively valenced intrusive thoughts sampled during 
daytime could be predicted by retrospective self-reports of sleep-related difficulties during the 
past month (Baker, Baldwin, & Garner, 2015). However, another study that sampled mind-
wandering in daily life found no association with self-reported arousal (Song & Wang, 2012). 
Apart from this latter study, preliminary results thus suggest that the frequency of mind-
wandering episodes increases with daytime sleepiness and sleep disturbances in daily life. 
However, none of these studies examined the respective influence of mind-wandering and 
sleepiness on task performance. This question is particularly important because, as mind-
wandering and daytime sleepiness seem to frequently co-occur, it could be that the negative 
effects that have been previously associated with mind-wandering result from sleepiness 
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rather than mind-wandering per se (or, inversely, that the adverse effects of daytime 
sleepiness result, at least in part, from the concomitant presence of mind-wandering episodes). 
To investigate this possibility in the present study, we examined the relationships 
between mind-wandering and sleepiness during a laboratory task (with the online experience 
sampling of mind-wandering episodes and sleepiness during a computerized attentional task), 
and also collected estimates of mind-wandering frequency and sleep-related disturbances in 
everyday life (using retrospective self-report questionnaires). To assess the respective impact 
of mind-wandering and sleepiness on task performance, we more specifically used the 
Sustained Attention to Response Task (SART; Robertson, Manly, Andrade, Baddeley, & 
Yiend, 1997) in which we embedded thought-probes (Smallwood & Schooler, 2006) and the 
Karolinska Sleepiness Scale (KSS; Akerstedt & Gillberg, 1990), a highly validated and 
reliable one-item scale that is frequently used as a proxy of physiological and behavioral 
indicators of sleepiness (Kaida et al., 2006). The SART is one of the most commonly used 
task to assess the behavioral (e.g., McVay & Kane, 2012; Smallwood et al., 2004; Stawarczyk 
et al., 2014; Stawarczyk, Majerus, Maj, et al., 2011) and neural (e.g., Christoff, Gordon, 
Smallwood, Schooler, & Smith, 2009; Stawarczyk, Majerus, Maquet, & D'Argembeau, 2011) 
correlates of mind-wandering1. This task is also sensitive to decreases in performance 
associated with increased sleepiness resulting, for instance, from sleep deprivation and 
restriction (e.g., Gabel et al., 2013; Lo et al., 2012) or wake duration (e.g., Harrison, Jones, & 
Waterhouse, 2007). Overall, this study allowed us to examine (1) whether the presence of 
mind-wandering in daily life and during the SART is associated with higher levels of 
sleepiness and sleep-related disturbances, and (2) to what extent mind-wandering and 
sleepiness have distinguishable effects on the behavioral markers of SART performance (i.e., 
accuracy to the target stimuli, as well as the mean and coefficient of variation of RTs to the 
non-target stimuli) at both the between- and within-individual levels. 





A total of 95 French-speaking participants (66 women) from the Belgian general 
population volunteered to participate in the study, most of which were either undergraduates 
or graduate students at the University of Liège, Belgium. This sample size was determined a 
priori using G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007) in order to achieve 80% 
power, considering an alpha error of .05 and a medium effect size for between-participants 
multiple regression and correlations analyses (r = .30 and R² = .10; see also Green, 1991). 
This sample size is also adequate to obtain accurate estimates of the regression coefficients, 
variance components, and standard errors in the multilevel regression analyses that we 
performed to investigate within-individual effects (Maas & Hox, 2005; see below). The mean 
age of the participants was 23.45 years (SD = 2.45; range = 19–35 years) with a mean of 3.97 
successful years of higher education (SD = 2.09; range = 0–11 years). Individuals with 
delayed sleep schedules (e.g., shift workers) or suffering from medical, neurological, or 
psychiatric disorders were not included in the study. The mean subjective sleep duration 
reported by our participants in the seven days preceding the testing session was 7.15 hours 
(SD = 1.10; range = 3.50–9.25 hours). This duration is similar to the usual sleep length 
reported by college students in western populations (e.g., Lund et al., 2010).  
 
Task and questionnaires  
SART with embedded thought-probes and KSS. Participants carried out an 
adaptation of the SART with thought-probes previously used in Stawarczyk, Majerus, Maj, et 
al. (2011). Participants were presented with numbers comprised between 1 and 9 that 
appeared sequentially in the center of a laptop computer screen. They were instructed to 
respond as fast and accurately as possible to each number (i.e., the non-target stimuli) by 
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pressing the spacebar on the keyboard, except when presented with the number 3 (i.e., the 
target stimulus; 11% of probability of appearance) for which they were told to withhold their 
response. Each stimulus was presented in white font (Arial with a point size of 72) on a black 
background for 500 ms with an interstimulus interval of 2000 ms. The task consisted in 28 
blocks of either 35, 45, 55, or 65 s (seven blocks of each length presented in a determined 
pseudorandom order) and the last five stimuli of each block were always non-targets. 560 
numbers were presented in total.  
Each block was immediately followed by the KSS (Akerstedt & Gillberg, 1990), 
which interrupted the task and asked participants how they felt right before the interruption. 
The KSS is a measure of subjective sleepiness that consists in a 9-point Likert scale ranging 
from 1 = completely alert to 9 = very sleepy, great effort to keep awake. Previous studies that 
embedded the KSS within vigilance tasks have shown that this scale is sensitive to behavioral 
indicators of sleepiness and to the increase of sleepiness with time on task (Kaida, Akerstedt, 
Kecklund, Nilsson, & Axelsson, 2007b) and that the repeated administrations of this scale 
have only minimal impact on the carrying out of the tasks and on the physiological markers of 
sleepiness (Kaida, Akerstedt, Kecklund, Nilsson, & Axelsson, 2007a).  
Immediately after the KSS, participants were asked to characterize the ongoing 
conscious experience they had just prior the interruption (Stawarczyk, Majerus, Maj, et al., 
2011). Five possibilities were provided: (i) on-task: the participant's attention and thoughts 
were fully focused on the task-related stimuli; (ii) task-related interference: the participant 
experienced thoughts about some task features or about their performance (e.g., thoughts 
about task duration or about the participant's overall performance). Participants were 
explained that this category comprised all thoughts about the task that did not help them to 
respond as fast and accurately as possible to the numbers presented on the screen. The third 
category was (iii) external distraction: the participant's attention was focused on stimuli that 
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were present in the current environment but unrelated to the task at hand (e.g., exteroceptive 
perceptions or interoceptive sensations). It was explained to the participants that this category 
comprised all thoughts whose content was directly focused on current sensory perceptions 
unrelated to the task at hand, with the origin of these perceptions being either external (e.g., 
coming from the room) or internal (e.g. bodily sensations). The fourth category was (iv) 
mind-wandering: the participant had his/her attention decoupled from the current environment 
and was experiencing thoughts unrelated to the task at hand (e.g., thoughts about what the 
participant will do later in the day). Finally, the last category was (v) absence: the 
participant’s attention was not focused on the task at hand and he/she was not thinking about 
anything in particular, meaning that his/her mind was blank (e.g., Andrews-Hanna, Reidler, 
Huang, & Buckner, 2010; Ward & Wegner, 2013).  
After each thought probe, a short text was displayed on the screen that asked 
participants to press the spacebar to continue the task. When participants provided a mind-
wandering report, the text display additionally reminded them to write down a description of 
the thought they were experiencing before pressing the spacebar to resume the task. 
Participants were told that their descriptions should be detailed enough to allow them to 
clearly remember (after the task) what they were thinking about and that they could describe 
their thoughts by noting down key-words if they wanted. No mention was made about the 
Thought Characteristics Questionnaires (see below) at this point of the task. In the present 
study, the KSS was always administered before the thought probes in order to prevent 
differences between conditions in the delay between task interruption and ratings (because 
participants had to describe their mind-wandering experiences, administrating the though 
probe first would have delayed KSS ratings when participants report mind-wandering 
compared to other response categories). 
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Similarly to our previous studies (e.g., Stawarczyk et al., 2014; Stawarczyk, Majerus, 
Maj, et al., 2011), several examples reflecting each kind of response to the thought probes 
were provided to the participants and they were asked to classify 10 thoughts in the adequate 
categories before the beginning of the SART. They also carried out two training blocks before 
starting the complete task and were given a written summary of the instructions to help them 
in case of doubt when responding to the thought probes.  
Thought Characteristics Questionnaire (TCQ). The content and characteristics of 
each mind-wandering episode reported during the SART were assessed with a self-report 
questionnaire adapted from Stawarczyk, Majerus, Maj, et al. (2011). For each mind-
wandering episode, the following phenomenological dimensions were assessed with seven-
point Likert scales: (1) the thought involved visual imagery (1 = not at all, 7 = totally), (2) the 
thought involved inner speech (1 = not at all, 7 = totally), (3) the occurrence of the thought 
was intended and intentional (i.e., the participant intentionally decided to think of something 
else than the SART; 1 = not at all, 7 = totally), (4) the thought belonged to a structured 
succession of thoughts (such as in reasoning, reflection or argumentation; 1 = not at all, 7 = 
totally), (5) the content of the thought was realistic/plausible and related to something 
concrete and well-defined (e.g., a precise situation or a particular action; 1 = not at all, 7 = 
totally), (6) the content of the thought was of importance to the participant's life (e.g., related 
to the participant’s personal goals and projects; 1 = not at all, 7 = totally), (7) the thought 
often comes to the participant’s mind in daily life (1 = never, 7 = very often), and (8) the 
affective valence of the thought’s content (−3 = very negative, +3 = very positive). 
In addition to these phenomenological dimensions, participants were also asked to 
characterize each mind-wandering episode according to its temporal orientation by choosing 
between: (1) past, (2) present, (3) future or (4) no precise temporal orientation. For past and 
future mind-wandering episodes, participants were also asked to specify the temporal distance 
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of their thoughts by choosing between six different categories: (1) before/later in the present 
day, (2) between yesterday/tomorrow and the past/next seven days, (3) between one week and 
one month in the past/future, (4) between one month and one year in the past/future, (5) more 
than one year away in the past/future, and (6) no precise temporal distance. Finally, subjects 
were asked to specify the main function of each thought by choosing between: (1) to make a 
decision/solve a problem, (2) to plan something, (3) to reappraise a situation, (4) to feel better, 
(5) to help stay awake/alert, (6) another unlisted function (in which case, participants were 
asked to specify what the function was), and (7) daydream with no apparent function.  
Insomnia Severity Index (ISI). The ISI (French version by Blais, Gendron, 
Mimeault, & Morin, 1997; original scale by Morin, 1993) was used to evaluate sleep 
difficulties and their possible consequences on daytime activities. The ISI contains seven 
items that are rated on a five-point Likert scale ranging from 0 to 4. The wording of the 
response options differs among the items but higher ratings always correspond to higher 
sleep-related difficulties. Respondents are asked to rate for the last month (i) the severity of 
their insomnia (difficulty falling asleep, difficulty staying asleep, problem waking up too 
early); (ii) their satisfaction with their current sleep patterns; (iii) the interference that their 
sleep difficulties have on daytime functioning; (iv) the noticeability of their sleep-related 
impairments to significant others; and (v) the level of distress caused by their sleep problems. 
The internal consistency of this scale in the present sample was α = .85. 
Daydreaming Frequency Scale (DDFS). The DDFS (original scale by Singer & 
Antrobus, 1970; French version by Stawarczyk, Majerus, Van der Linden, & D'Argembeau, 
2012) was used to evaluate the general tendency of the participants to mind-wander in daily 
life. The DDFS consists in 12 items that are rated on a five-point Likert scale ranging from A 
to E. The wording of the response options to which the letters correspond differs among the 
items but the higher placed letters in the alphabetical order always correspond to an increased 
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experience of mind-wandering in daily life. Values of 1, 2, 3, 4, or 5 were assigned to the 
options depending on their ordinal position on the continuum. The internal consistency of this 
scale in the present sample was α = .92. 
 
Procedure  
Participants were tested individually in the presence of the experimenter in a quiet and 
well-lighted room. Participants first completed an informed consent form and responded to 
demographic questions as well as a short anamnesis. They then completed the ISI and 
questions regarding their sleep in the past week before carrying out the SART with embedded 
thought-probes and KSS. Directly after the SART, participants rated each of their reported 
mind-wandering episodes on the TCQ and then completed the DDFS. Participants also 
completed a series of other self-report questionnaires at the end of the testing session that are 
not reported here because they are not directly relevant to aims of the present study. In total, 
the testing session lasted around 60 to 75 min. 
 
Results 
 We first performed between-participant correlation analyses using data from both 
retrospective questionnaires of daily life experiences and online measures made during the 
SART to examine whether levels of sleepiness and sleep-related disturbances are related to 
the frequency of mind-wandering. Second, we performed multiple regression analyses (also at 
the between-participants level) to examine whether individual differences in sleepiness and 
mind-wandering are independent predictors of SART performance as measured by response 
accuracy to the target stimuli, as well as the mean and coefficient of variation (i.e., σ/μ*100) 
of RTs to the non-target stimuli, for the whole task. Third, we performed within-participant 
analyses to examine whether variations in the level of sleepiness across blocks during the 
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SART are related to variations in task performance and mind-wandering. More specifically, 
we conducted regression analyses to examine (1) whether the different kinds of reports made 
to the thought probes during the SART are associated with different levels of sleepiness, (2) 
whether self-reports of increased sleepiness are related to decreases in task performance, and 
(3) whether such decreases are distinguishable from the performance decrement associated 
with mind-wandering episodes. In these latter analyses, target accuracy was measured for 
each block and, considering recent findings showing that mind-wandering is associated with 
abrupt fluctuations in RTs lasting between 2.5 and 10 seconds (Henriquez, Chica, Billeke, & 
Bartolomeo, 2016), the mean and CV of RTs were computed for the last four targets of each 
block (corresponding to a 10-second period). Finally, at a more exploratory level, we also 
examined whether mind-wandering episodes reported under high levels of sleepiness have 
different phenomenological properties than episodes reported when participants feel more 
awake.  
 
Between-participant correlation analyses  
 The intercorrelations between all variables across participants, as well as means and 
standard deviations, are shown in Table 1. As expected, the ISI, KSS, DDFS, and frequency 
of mind-wandering reports to the thought probes were all significantly related to each other. 
These results indicate that sleep-related disturbances are related to higher frequency of mind-
wandering in daily life, and that the degree of sleepiness and frequency of mind-wandering 
episodes while performing the SART are also related to each other.  
Concerning the relationships between mind-wandering, sleepiness, and SART 
performance, our analyses showed the expected results that mind-wandering reports and 
ratings of somnolence (KSS) during the SART were both related to commission errors to the 
target stimuli and increased RT variability. Sleep-related difficulties in daily life (ISI) were 
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also related to a higher number of commission errors and increased RT variability, whereas 
the frequency of mind-wandering in daily life (DDFS) was unrelated to SART performance. 
Very low correlations (rs < .10) were found between mean RTs to the non-target stimuli and 
measures of mind-wandering and sleepiness/sleep-related difficulties.  
With regard to the other kinds of responses to the thought-probes, it can be noted that 
reports of being fully focused on task were related to better SART performance (higher target 
accuracy and lower RT variability) and lower sleepiness scores on the KSS. The other three 
categories of responses to the thought-probes (task-related interferences, external distractions, 
and absences) were not consistently related to the indices of SART performance and 
sleepiness/sleep-related disturbances, with the exception of absences that showed a moderate 
and positive relationship with the KSS ratings.  
 
Conjoint influence of mind-wandering and sleepiness on SART performance at the 
between-participant level 
As expected, the correlational analyses showed that mind-wandering frequency and 
sleepiness during the SART were both related to task performance. We thus conducted 
multiple regression analyses to determine whether mind-wandering and sleepiness are 
independent predictors of target accuracy and RT variability during the SART. We first 
examined whether the KSS ratings and frequency of mind-wandering reports were 
independent predictors of the variability of RTs. The results showed that the total regression 
model was significant [F(2,92) = 6.74; p = .002; R² = .13], and that both sleepiness and mind-
wandering frequency uniquely predicted the coefficient of variation of RTs to the non-target 
stimuli (see Table 2). More specifically, out of the 12.77% of the variance of RT variability 
explained by the two independent variables, 3.85% was shared between the KSS and mind-
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wandering reports, 5.24% was specific to mind-wandering, and 3.68% was specific to the 
KSS.  
Next, we conducted multiple regression models with accuracy to the target stimuli 
during the SART as dependent variable. Numerous previous studies have found that, at the 
between-individuals level, errors to the target stimuli during the SART are highly influenced 
by intentional speed–accuracy trade-offs performed by the participants (i.e., deliberately 
slowing down RTs to the non-target stimuli to increase accuracy to the target stimuli, see  
Helton, 2009; Helton, Kern, & Walker, 2009; Seli, Cheyne, & Smilek, 2012), and it has been 
strongly suggested to control for the effect of non-target RTs when examining the between-
participant relationships between SART accuracy and other attentional variables (Seli, Jonker, 
Cheyne, & Smilek, 2013). In the present research, we found a strong positive correlation 
between mean RTs to the non-targets and target accuracy (r = .485, see Table 1), suggesting 
that our participants did indeed engage in this kind of deliberate speed–accuracy trade-off. We 
therefore added mean RTs to the non-target stimuli as an additional independent variable 
besides the KSS ratings and mind-wandering reports. This regression model was significant 
[F(3,91) = 15.56; p < .001; R² = .34] and, again, both mind-wandering frequency and 
sleepiness were independent predictors of target accuracy (see Table 2). More specifically, 
out of the 10.39% of the variance of SART accuracy that was explained by mind-wandering 
and KSS scores above and beyond the effect of mean RTs, 3.11% were common to these two 
independent variables, 3.50% were specific to mind-wandering reports, and 3.78% were 
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Within-participant variations in sleepiness during the SART and their relationships 
with thought-probe responses and task performance 
 To examine whether sleepiness increased with time on task, we conducted a one-way 
repeated measures ANOVA with KSS ratings reported during the SART as dependent 
variables. As shown in Figure 1, there was a significant effect of time on task, indicating an 
increase in sleepiness with successive KSS administrations [F(27, 2538) = 43.23; p < .001; ߟ௣ଶ 
= .32]. This increase in sleepiness is similar to what has been observed in previous studies that 
administered the KSS before and after relatively long (around 40 min) versions of the SART; 
those studies also found a mean increase of approximately three points on the KSS after 
performing the task (e.g., Bonnefond, Doignon-Camus, Touzalin-Chretien, & Dufour, 2010). 
Next, we sought to examine whether sleepiness was related to the kind of response 
given by the participants to the thought probes. Due to the hierarchical structure of the data, 
we used multilevel statistical modeling (with reports as level 1 units and participants as level 
2 units; see e.g., Hox, 2010) and fitted the data from the 2660 thought-probes (which are 
nested within the 95 participants) to a random intercept multilevel model using MLwiN 
(Rasbash, Charlton, Browne, Healy, & Cameron, 2009). The KSS was the dependent variable 
and the kind of experience reported to the thought probes was the explanatory variable (with 
reports of being focused on task used as the reference category). Our analyses first showed 
that 42% of the total variance of the KSS scores was due to within-participant differences. A 
likelihood ratio (LR) test revealed a significant effect of thought-probe responses [LR (1 df) = 
345.99; p < .001], indicating that sleepiness varied between the different categories of 
reported experiences. We next examined more specifically whether each kind of response to 
the thought probes differed from being fully focused on task. Results showed that mind-
wandering, absences, external distractions, and task-related interferences were all associated 
with higher levels of sleepiness compared to being fully focused on task (see Table 3 and 
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Figure 2). Finally, we computed Wald tests to contrast the level of sleepiness associated with 
mind-wandering to the other categories. These analyses showed that mind-wandering 
episodes were associated with more sleepiness than task-related interferences (Wald χ² = 
19.81; df = 1; p < .001), less sleepiness than absences (Wald χ² = 33.37; df = 1; p < .001), and 
did not differ from external distractions (Wald χ² = 1.46; df = 1; p = .23). 
We also examined whether SART performance in each block varied according to 
sleepiness and responses to the thought probes, and whether these two variables were 
independent predictors of task performance. To do so, we fitted random intercept multilevel 
models with percentage of accuracy to the target stimuli, coefficient of variation to the non-
target stimuli, or mean RTs to the non-target stimuli as dependent variable. Target accuracy 
was measured for the whole block, and the mean and CV of RTs were computed for the 10-
second period preceding the end of each block (Henriquez et al., 2016)3. For each dependent 
variable, we first fitted a multilevel model that only included sleepiness as dependent 
variable, and then fitted a model in which sleepiness and responses to the thought probes were 
considered simultaneously. For the models including responses to the thought probes as 
explanatory variable, reports of being fully focused on task were used as the reference 
category. 
With regard to target accuracy, 77% of the total variance was due to within-participant 
differences. A LR test for the first model with sleepiness alone as independent variable 
indicated that target accuracy was lower with increasing level of sleepiness [b = -4.74 (SE = 
0.43); LR (1 df) = 119.77; p < .001]. The LR test for the model with sleepiness and thought 
probe responses considered simultaneously revealed that this second model explained a 
significantly larger part of the variance of target accuracy than the model with sleepiness 
considered alone [LR (1 df) = 84.685; p < .001]. Furthermore, the coefficients of both 
sleepiness and each of the four kinds of response to the thought probes were significant (see 
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Table 4), indicating that these different variables have (at least partially) independent 
influences on target accuracy. 
With regard to the coefficient of variation of RTs, 89% of the total variance was due to 
within-participant differences. The LR test for the first model with sleepiness alone as 
independent variable indicated that RT variability was higher with increasing level of 
sleepiness [b = 0.55 (SE = 0.11); LR (1 df) = 23.94; p < .001]. The LR test for the model with 
sleepiness and thought-probe responses considered simultaneously indicated that this second 
model explained a significantly larger part of the variance of RT variability than the model 
with sleepiness considered alone [LR (1 df) = 12.68; p < .001]. The coefficients for 
sleepiness, task-related interference, external distractions, and mind-wandering were 
significant in this second model (see Table 5), indicating that these different variables all have 
(at least partially) independent influences on RT variability. 
Finally, concerning the mean RTs, 57% of the total variance was due to within-
participant differences. The LR test for the first model with sleepiness alone as independent 
variable indicated that RTs were faster with increasing level of sleepiness [b = -2.57 (SE= 
0.65); LR (1 df) = 15.51; p < .001]. The LR test for the model with sleepiness and thought-
probe responses considered simultaneously indicated that this second model explained a 
significantly larger part of the variance of mean RTs than the model with sleepiness only [LR 
(1 df) = 8.02; p = .005]. Interestingly, in this last model, sleepiness remained associated with 
faster RTs, whereas mind-wandering and EDs were also significant predictors but were 
associated with slower RTs compared to being fully focused on task (see Table 6). These 
results suggest that mind-wandering and sleepiness have opposite effects on the speed of RTs 
to non-target stimuli during the SART at the within-participants level. 
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Sleepiness and the phenomenology of mind-wandering 
Finally, we examined the possibility that sleepiness may vary according to the 
phenomenological properties of the reported mind-wandering episodes. To do so, we fitted a 
random intercept multilevel model with KSS ratings as dependent variable and the index of 
the phenomenological dimensions of the 409 mind-wandering episodes as explanatory 
variables. We first examined whether mind-wandering with a future temporal orientation or 
future-oriented functions (i.e., planning, reevaluation of situation, and decision making; 
Stawarczyk et al., 2013; Stawarczyk, Majerus, Maj, et al., 2011) differed from other mind-
wandering episodes. We replicated the finding that most mind-wandering episodes were 
future-oriented (44% of episodes versus 22% oriented towards the past, 15% towards the 
present, and 19% with no precise temporal orientation). However, sleepiness did not vary 
between future and non-future mind-wandering episodes [b = -0.02 (SE= 0.07); LR (1 df) = 
.14; p = .71]. Concerning their attributed functions, we also replicated the findings that mind-
wandering episodes had mostly future-oriented functions (49% of episodes versus 20% with 
other functions and 31% with no attributed function). Only 18 of the 409 episodes (4.4%) 
were rated as attempts to maintain arousal. Mind-wandering episodes with future-oriented 
functions did not differ from other episodes in terms of associated somnolence [b = 0.01 (SE 
= 0.06); LR (1 df) = 0.02; p = .89].  
Results of the analyses for the phenomenological dimensions rated on Likert-scales 
can be seen in Table 7. At a descriptive level, we replicated the findings that most mind-
wandering episodes involved moderate amount of inner speech and mental imagery, were 
generally not intended, did not belong to highly structured sequences of thoughts, and were 
not thoughts that occur repetitively in daily life. In addition, the content of the episodes was 
highly realistic, moderately important, and mostly emotionally neutral, although showing a 
slight positive bias (for similar results, see Stawarczyk et al., 2013; Stawarczyk, Majerus, 
You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)
20 
 
Maj, et al., 2011). None of these phenomenological dimensions varied according to sleepiness 
level. Together, these results suggest that sleepiness had no influence on the 
phenomenological features of mind-wandering episodes. 
 
Discussion 
The purpose of the present study was to investigate the relationships between mind-
wandering and sleepiness, as well as their respective influences on task performance. More 
specifically, we sought to determine whether mind-wandering and sleepiness have 
distinguishable effects on task performance at the between- and within-individual levels. 
These questions were investigated using online experience sampling measures of sleepiness 
and mind-wandering frequency while the participants performed the Sustained Attention to 
Response Task (SART; Robertson et al., 1997), and questionnaires assessing mind-wandering 
and sleep-related disturbances in daily life were also administered.  
In line with previous observations (e.g., Carciofo et al., 2014; McVay et al., 2009; 
Ottaviani et al., 2013), we found that mind-wandering and sleepiness were frequently co-
occurring. At the between-participants level, both online measures of mind-wandering and 
sleepiness during the SART, as well as measures of mind-wandering and sleep-related 
disturbances in daily life were significantly related. At the within-participant level, mind-
wandering reports during the SART were associated with increased sleepiness compared to 
being focused on-task. Furthermore, we found that some of the explained variance in SART 
performance (as indexed by target accuracy and the variability of RTs) was shared by mind-
wandering and sleepiness. These results confirm that mind-wandering and sleepiness are 
frequently co-occurring and suggest that these two phenomena might be partially underlain by 
common mechanisms. Importantly, however, mind-wandering and sleepiness also had 
distinguishable effects on SART performance. Specifically, at both the within- and between-
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participant levels, sleepiness and mind-wandering both uniquely contributed to the prediction 
of commission errors and variability in RTs, suggesting that these two phenomena have an 
additive deleterious impact on task performance. Furthermore, regarding mean RTs, we 
found, at the within-participants level, that mind-wandering and sleepiness had opposite 
effects: sleepiness was associated with shorter RTs for non-targets, whereas mind-wandering 
was associated with longer RTs. Together, these latter findings suggests that sleepiness and 
mind-wandering episodes impact SART performance, in part, through distinct and non-
overlapping mechanisms.  
A possible explanation for the frequent co-occurrence of mind-wandering and 
sleepiness and their shared influence on SART performance might stem from a decrease in 
attentional control abilities. There is evidence that, during periods of increased sleepiness 
(e.g., resulting from sleep deprivation), top-down attentional control processes supported by 
the fronto-parietal regions of the brain and involved in maintaining a sustained task-related 
focus are impaired (e.g., Goel, Rao, Durmer, & Dinges, 2009; Lim & Dinges, 2010; Tucker et 
al., 2011). Furthermore, recent theories suggest that mind-wandering often begins because of 
a loosening of attentional control processes involved in maintaining attention towards the task 
at hand, resulting in the intrusion of self-generated thoughts in consciousness (e.g., 
Smallwood, 2013; Thomson, Besner, & Smilek, 2015). Therefore, it could be that increased 
sleepiness is associated with reduced attentional control abilities, resulting in impaired task 
performance and favoring the appearance of mind-wandering. Thus, sleepiness and mind-
wandering might share some of the explained variance in SART performance because of 
associated decreases in attentional control abilities. To further test this possibility, it would be 
interesting in future research to investigate whether the association between mind-wandering 
and sleepiness is mediated by measures of attentional control abilities, such as working 
memory capacity (Engle & Kane, 2004; Kane, Conway, Hambrick, & Engle, 2007).   
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Beyond its shared influence with sleepiness, mind-wandering also uniquely 
contributed to the prediction of SART performance. This suggests that the effect of mind-
wandering on task performance is not entirely explained by decreases in attentional control 
abilities. Indeed, a recent study showed that mind-wandering was a significant predictor of 
target accuracy and RT variability during the SART, above and beyond a composite measure 
of attentional control abilities (Stawarczyk et al., 2014). It has recently been proposed that 
once mind-wandering episodes enter consciousness (in part due to temporally failures in 
attentional control abilities), they consume cognitive resources, resulting in a state of 
perceptual decoupling from immediate sensory inputs (Schooler et al., 2011; Smallwood & 
Schooler, 2015), which further decreases the amount of resources normally devoted to the 
task at hand (Smallwood, 2013; Thomson et al., 2015). Evidence for the perceptual 
decoupling theory notably comes from physiological data showing that participants who 
experience more frequent mind-wandering during task performance show diminished cortical 
EEG responses to the presentation of task-irrelevant stimuli (Barron, Riby, Greer, & 
Smallwood, 2011; Kam & Handy, 2013). This proposal can also explain the slowing of RTs 
that was specifically associated with mind-wandering reports in the present study (at the 
within-participant level). A recent EEG study indeed suggest that longer RTs during mind-
wandering compared to on-task focus are not only associated with disrupted sensory 
processing of task stimuli, but also with the need of engaging additional neural resources to 
recouple attention to the task at hand when producing responses (Baird, Smallwood, Lutz, & 
Schooler, 2014). 
Overall, it could thus be that increased sleepiness is associated with reduced 
attentional control abilities, resulting in an initial decrease in task performance and favoring 
the appearance of mind-wandering, which in turn further impacts task performance through 
perceptual decoupling. Although this proposal remains to be investigated in detail, it is in line 
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with the results of recent neuroimaging studies (e.g., Chee & Chuah, 2007; De Havas, 
Parimal, Soon, & Chee, 2012; Drummond et al., 2005; Maire et al., 2015) showing that 
performance decreases resulting from sleep deprivation are not only associated with reduced 
activity in frontoparietal regions supporting attentional control processes, but also with 
increased activity in the default network, a set of brain areas which has consistently been 
associated with mind-wandering (for a meta-analyses on the neural correlates of mind-
wandering, see Fox, Spreng, Ellamil, Andrews-Hanna, & Christoff, 2015; Stawarczyk & 
D'Argembeau, 2015). 
A somewhat surprising finding was that mind-wandering and sleepiness had opposite 
effects on mean RTs to the non-targets during the SART. It is important to note, however, that 
both longer and shorter RTs are related to poorer accuracy while performing the SART, and 
are considered to reflect attentional lapses (McVay & Kane, 2012). Slow and fast RTs are 
thought to represent distinct forms of task disengagement (Cheyne, Solman, Carriere, & 
Smilek, 2009), and it has more specifically been proposed that speeding of RTs during the 
SART reflect the shifting to a mindless and inconsistent style of responding where 
participants emit automatic motor responses before complete stimulus processing (Manly, 
Robertson, Galloway, & Hawkins, 1999; Robertson et al., 1997). Our findings suggest that 
this kind of mindless and fast responses during SART performance may be particularly 
associated with sleepiness (see also Bloomfield, Espie, & Evans, 2010). Thus, whereas mind-
wandering might specifically impair performance because of perceptual decoupling (Schooler 
et al., 2011; Smallwood & Schooler, 2015; Stawarczyk et al., 2014), sleepiness might rather 
be associated with an impulsive style of response during the SART. Perceptual decoupling 
and impulsive responding would have additive deleterious effects on target accuracy and 
variability of RTs, but opposite effects on mean RTs. 
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Besides mind-wandering, a second category of thought-probe responses whose 
frequency was also related to higher sleepiness during the SART were absences (or mind-
blanking). In addition, we found, at the within-participant level, that absences were associated 
with lower target accuracy and with higher levels of sleepiness than mind-wandering. These 
results are in line with the few previous studies suggesting that mind-blanking is 
distinguishable from mind-wandering and could represent an extreme case of perceptual 
decoupling where attention fails to bring any stimuli into conscious awareness (e.g., Schooler 
et al., 2004; Ward & Wegner, 2013). Given their association with the highest levels of 
sleepiness during the SART, it could be that absences correspond to the short periods of 
microsleep that often occur during extended and monotonous tasks, even in normally rested 
individuals (e.g., Poudel, Innes, Bones, & Jones, 2010; Poudel, Innes, Bones, Watts, & Jones, 
2014). The study of mind-blanking is still in its infancy, however, and our results must be 
considered with caution because absences were the least frequent kind of thought probe 
reports (only 92 responses of this type were made by the 95 participants), and they were not 
related to sleep-disturbances in the past month (which may suggest that they are highly 
influenced by situational variables). Future studies should be conducted to more specifically 
assess the specific features of absences, as well as their relationships with sleepiness during 
task performance. If mind-blanking truly represents short microsleep intervals where attention 
fails to bring any stimuli into consciousness, then it should increase following procedures that 
increase daytime sleepiness (e.g., sleep deprivation or restriction periods). 
Finally, it is important to note that, due to the design of the present study, no direct 
causal interpretations can be drawn from our results regarding the possible interplay between 
the occurrence of sleepiness and mind-wandering. It can nonetheless be noted that several 
previous studies have shown that the presence of mind-wandering-like thoughts during the 
day (e.g., Ottaviani & Couyoumdjian, 2013; Takano, Ueno, & Tanno, 2014) and prior to sleep 
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(e.g., Baker et al., 2015; Wicklow & Espie, 2000) can predict difficulties of sleep-onset and a 
decrease of the physiological de-arousal generally associated with normal sleep processes (see 
also Marques, Gomes, Clemente, Moutinho dos Santos, & Castelo-Branco, 2015). Similarly, 
other laboratory studies have shown that the occurrence of mind-wandering is generally 
associated with increased sympathetic arousal, such as heart rate and skin conductance (for a 
review, see Smallwood & Schooler, 2006). Thus, although mind-wandering episodes are 
associated with increased sleepiness at the moment of their occurrence, it could be that they 
nonetheless induce a state of increased cognitive and physiological arousal associated with 
sleep difficulties. In the present research, only 4% of mind-wandering episodes were rated as 
explicit attempts to stay awake, and future studies using experience sampling methods should 
more specifically investigate (for instance with time-lag analyses) whether the presence of 
mind-wandering and absences at a time t can predict higher/lower sleepiness at time t+1 (for 
similar analyses on the relationship between mind-wandering and affect, see Killingsworth & 
Gilbert, 2010; Ruby, Smallwood, Engen, & Singer, 2013). 
To conclude, this study is one the first attempt to bridge the gap between the mind-
wandering and sleepiness areas of research, two domains sharing striking similarities in their 
effects on daily life activities and task performance but whose interaction has been mostly 
overlooked thus far. As expected, we found that mind-wandering and sleepiness disturbances 
are frequently co-occurring. Most importantly, however, our results also revealed that these 
two phenomena are distinguishable in terms of their relationships with task performance. 
These novel findings indicate the necessity to consider mind-wandering and sleepiness as 
distinct yet related attentional sates. Future studies interested in either of these two 
phenomena would greatly benefit from conjointly assessing them in order to obtain purer 
estimations of their respective impact on cognitive functioning.  
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     1 It is important to note that, although SART performance is sensitive to the presence of 
mind-wandering, several studies have shown that inferences on thought content cannot be 
made unequivocally on the basis on task performance alone (i.e, not all errors can be 
predicted by the presence of mind-wandering and not all mind-wandering episodes are 
associated with decreased performance; see for instance Henriquez et al., 2016; McVay & 
Kane, 2012). Thus, the behavioral consequences of mind-wandering should not be equated 
with the phenomenon itself (as is done in some studies) because there is no one-to-one 
correspondence between mind-wandering and indices of task performance. In our view, 
experience sampling procedures remain the gold standard to assess the occurrence of mind-
wandering during task performance. 
     2 For completeness, we also computed the same regression model without entering mean 
RT as independent variable. Although this model was significant [F(2,92) = 3.68; p = .03; R² 
= .07], neither mind-wandering reports [t(92) = -1.60; p = .11; β = -.17; SE = .11] nor KSS 
scores [t(92) = -1.60; p = .11; β = -.17; SE = .11] remained significant independent predictors 
of target accuracy. However, as mentioned in the main text, these latter results should be 
considered with caution because measures of SART accuracy that do not control for mean 
RTs are sensitive to deliberate speed-accuracy trade-offs.  
     3 In addition, as the only study that examined how fluctuations in somnolence affect task 
performance at the within-individual level showed that reports of somnolence on the KSS can 
predict task performance over four minute periods (Kaida et al., 2007b), we also performed 
analyses on the mean and CV of RTs computed on the entire block rather than the last 10 
seconds. The results of these latter analyses are similar to those obtained when analyzing the 
last four trials of each block (see the Supplemental Material for detailed results). 
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Table 1: Between-participants correlation analyses and descriptive statistics  
Variables Mean 
(SD) 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
1. SART acc. 64.38 
(18.58) 
          
2. SART CV 20.09 
(4.74) 
-.56 
p < .001 
         
3. SART RTs 349 
(38) 
.48 
p < .001 
-.05 
p = .60 
        
4. SART KSS 4.41 
(1.56) 
-.22 
p = .03 
.27 
p = .007 
.09 
p = .41 
       
5. % On-task 30.38 
(19.41) 
.38 
p < .001 
-.27 
p = .008 
.20 
p = .05 
-.28 
p = .007 
      
6. % TRIs 32.56 
(13.17) 
-.19 
p = .06 
.10 
p = .31 
-.13 
p = .23 
-.07 
p = .48 
-.44 
p < .001 
     
7. % EDs 18.23 
(13.60) 
-.11 
p = .30 
-.01 
p = .95 
-.21 
p = .04 
.07 
p = .52 
-.47 
p < .001 
-.27 
p = .007 
    
8. % MW 15.38 
(11.44) 
-.22 
p = .03 
.30 
p = .003 
.08 
p = .47 
.30 
p = .003 
-.51 
p < .001 
.07 
p = .51 
-.15 
p = .13 
   
9. % Abs. 3.46 
(6.39) 
-.15 
p = .14 
.08 
p = .44 
-.04 
p = .69 
.30 
p = .003 
-.22 
p = .03 
-.25 
p = .01 
.13 
p = .22 
-.05 
p = .63 
  
10. ISI 7.35 
(5.04) 
-.28 
p = .005 
.20 
p = .05 
-.07 
p = .51 
.33 
p = .001 
-.17 
p = .10 
-.02 
p = .87 
-.04 
p = .69 
.32 
p = .001 
-.01 
p = .95 
 
11. DDFS 43.47 
(8.68) 
-.10 
p = .35 
.11 
p = .28 
.03 
p = .76 
.22 
p = .03 
-.32 
p = .001 
.22 
p = .03 
-.07 
p = .50 
.36 
p < .001 
.03 
p = .74 
.32 
p = .002 
 
Note. SART acc. = accuracy to the target stimuli; SART CV = Coefficient of variation of RTs for the non-target stimuli; SART RTs = mean RT 
for the non-target stimuli; SART KSS = mean score of the KSS administrations during the SART; TRIs = task-related interferences; EDs = 
external distractions; MW = mind-wandering; Abs. = absences; ISI = Insomnia Severity Index; DDFS = Daydreaming Frequency Scale. 
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Table 2: Multiple regression analyses on SART performance at the between-participant level 
a. Variability of RTs as dependent variable 
 β SE t(92) p 
1. KSS scores .20 .10 1.97  .05 
2. Mind-wandering .24 .10 2.35 .02 
b. Target accuracy as dependent variable 
 β SE t(91) p 
1. Mean RTs .52 .09 6.04 < .001 
2. KSS scores -.20 .09 -2.28 .02 
3. Mind-wandering -.20 .09 -2.19 .03 
 
Note. KSS scores = mean score of the KSS administrations during the SART.  
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Table 3: Relationship between degree of sleepiness and responses to the thought probes at the 
within-participants level 
Categories of thought-probes responses b (SE) p 
Task-related interferences 0.72 (0.07) < .001 
External distractions 1.18 (0.08) < .001 
Mind-wandering 1.07 (0.08) < .001 
Absence 1.95 (0.15) < .001 
Note. The coefficients represent contrasts with the reference category (being focused on-task). 
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Table 4: Multilevel regression models predicting target accuracy per block from thought 
probe responses and sleepiness  
Variables b (SE) p 
Sleepiness -3.64 (.45) < .001 
Task-related interferences -14.48 (1.62) < .001 
External distractions -11.18 (1.97) < .001 
Mind-wandering -9.98 (2.05) < .001 
Absence -17.39 (3.70) < .001 
Note. The coefficients represent contrasts with the reference category (being focused on-task). 
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Table 5: Multilevel regression models predicting RT variability for the last four stimuli of 
each block from thought probe responses and sleepiness  
Variables b (SE) p 
Sleepiness 0.44 (0.12) < .001 
Task-related interferences 1.28 (0.45) .005 
External distractions 1.58 (0.55) .004 
Mind-wandering 1.52 (0.57) .008 
Absence 1.20 (1.04) .25 
Note. The coefficients represent contrasts with the reference category (being focused on-task). 
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Table 6: Multilevel regression models predicting mean RTs for the last four stimuli of each 
block from thought probe responses and sleepiness  
Variables b (SE) p 
Sleepiness -3.18 (0.69) < .001 
Task-related interferences 2.90 (2.41) .23 
External distractions 6.32 (2.94) .03 
Mind-wandering 7.66 (3.06) .01 
Absence 6.18 (5.50) .26 
Note. The coefficients represent contrasts with the reference category (being focused on-task). 
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Table 7: Effects of sleepiness on the phenomenological dimensions of mind-wandering 
Phenomenological dimensions M SD b (SE) LR (1 df) p 
Visual Imagery 4.04 2.08 0.03 (0.02) 2.71 .10 
Inner Speech 4.07 2.18 -0.003 (0.02) 0.04 .84 
Intended 2.10 1.38 0.002 (0.03) 0.005 .94 
Structured 3.26 1.91 0.003 (0.02) 0.02 .89 
Realism 5.56 1.80 -0.01 (0.02) 0.34 .56 
Importance 3.82 2.04 -0.005 (0.02) 0.10 .75 
Repetition 2.85 1.99 -0.01 (0.02) 0.18 .67 
Affective valence 0.47 1.44 -0.01 (0.02) 0.10 .75 
Note. All mean scores range from 1 to 7 except for the affective valence dimension the range 
of which goes from −3 to +3. 
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Figure 1: Increase in sleepiness with time on task. 
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Figure 2. Error bars represent the standard errors of the means. KSS = Karolinska Sleepiness 
Scale; TRI = task-related interference; ED = external distraction; MW = mind-wandering; 
Abs. = absence. 
 
  





Variation of RTs in the whole block according to thought probe responses and sleepiness 
at the within-individual level 
When considering the variability of RTs for each block considered in its entirety, 75% 
of the total variance was due to within-participant differences. The LR test for the first model 
with sleepiness alone as independent variable indicated that RT variability was higher with 
increasing level of sleepiness [b = 0.46 (SE = 0.09); LR (1 df) = 25.12; p < .001]. The LR test 
for the model with sleepiness and thought probe responses considered simultaneously 
indicated that this second model explained a significantly larger part of the variance of RT 
variability than the model with sleepiness alone [LR (1 df) = 11.76; p < .001]. The 
coefficients for sleepiness, task-related interference, external distractions, and mind-
wandering were significant in this second model (see Table S1), indicating that these different 
variables all have (at least partially) independent influences on RT variability to the non-
target stimuli of each block. 
 
Table S1: Multilevel regression models predicting RT variability per block from thought 
probe responses and sleepiness  
 b (SE) p 
Sleepiness 0.36 (0.01) < .001 
Task-related interferences 0.70 (0.35) .04 
External distractions 1.14 (0.42)  .007 
Mind-wandering 1.35 (0.44) .002 
Absence 1.02 (0.79) .20 
Note. The coefficients represent contrasts with the reference category (being focused on-task). 
You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)
53 
 
Concerning the mean RTs for each block considered in its entirety, 39% of the total 
variance was due to within-participant differences. The LR test for the first model with 
sleepiness alone as independent variable indicated that RTs were faster with increasing level 
of sleepiness [b = -3.64 (SE= 0.43); LR (1 df) = 71.18; p < .001]. The LR test for the model 
with sleepiness and thought probe responses considered simultaneously indicated that this 
second model explained a significantly larger part of the variance of mean RTs than the 
model with sleepiness only [LR (1 df) = 15.10; p < .001]. Interestingly, in this last model, 
sleepiness remained associated with faster RTs, whereas mind-wandering and EDs were also 
significant predictors but were associated with slower RTs compared to being fully focused 
on task (see Table S2). These results suggest that mind-wandering and sleepiness have 
opposite effects on the speed of RTs to non-target stimuli during the SART at the within-
participant level. 
 
Table S2: Multilevel regression models predicting mean RTs per block from thought probe 
responses and sleepiness  
 b (SE) p 
Sleepiness -3.97 (0.45) < .001 
Task-related interferences 1.92 (1.56) .22 
External distractions 5.72 (1.91) .003 
Mind-wandering 5.01 (1.98) .01 
Absence -2.84 (3.56) .42 
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